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BACKGROUND

= Sclance Applications
%. 1nfaraditeddl Corporation
'® An Fuplogss-Ovned Conpony

" NUCLEAR THERMAL PROPULSION (NTP) ENGINE
SYSTEM ANALYSIS PROGRAM DEVELOPMENT
- Overall Objective -

Develop a Stand-alone, Versatile NTP Engine System
Preliminary Design Analysis Program (Tool) to Support Ongoing and Future
SE! Engine System and Vehicle Design Efforts

- Perform Meaningful (Accurate), Preliminary Design Analysis - Tank to Nozzle
- Have Flexibility:
-- To Handle a Wide Range of Design Options to Support Preliminary Design Activities
- To Be Easily Upgraded in Tenms of Analysis Capability
- Be Available to the SEI Community, Possibly as an Industry Standard
- Be Done Promptly and Efficiently
- Initial Effort:
-~ Focused an NERVA/NERVA Derivative, Solid-Core NTP Systems

== Based on Upgrading SAIC's N'I'T* BLES Design Code by Incorporating Westinghouse's
ENABLER Reactor and Internal Shicld Models
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'® e Eapleyve-Dwaed Compaoy




NTP: Systems Modeling

NUCLEAR THERMAL PROPULSION (NTP) ENGINE
SYSTEM ANALYSIS PROGRAM DEVELOPMENT

- Observations -

No NTP-Specific Code is Commonly Available for Use in
SEI Propulsion and Vehicle Design Studies

Versatile, Verified N'T'P Analysis Design Tool Could Be of Great
Use to the Community

1t Is Envisioned That NESS Is One Key Element in Developing a
Robust (Industry Standard ‘Type) Analysis Caprability (Design
Workstation) to Support NTP Development Into the 21st Century

Enhancements in Terms of Additional Technology/Design Options
and/or Analysis Capabilities Possible With the NTP ELES Model

Science Apniications
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" NUCLEAR THERMAL PROPULSION ENGINE
DEVELOPMENT ANALYSIS CAPABILITY REQUIREMENTS
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TEAM RESOURCES USED TO SUPPORT
NESS DEVELOPMENT

saKc Wastinghouse

Extensive Experience iIn: Word-Class Leader in

- Aerospace Systems Reactor Syslems and

- Engine Systems and Tachnologies

;odmo”bgios - Past NERVA Experience

- Simulation Modeling - Current ENABLER

Current SAIC NTP ELES Actvion

Model and Application Current ENABLER

Expaerience Top-Level Modat
Activitios

%’ ialerastiant) Corporation um
@ 40 Emploroe Ovaed Compoay

EXPANDED LIQUID ENGINE SIMULATION (ELES)
COMPUTER MODEL
- Background -

Its Major Objective is to Conduct Preliminary System Design Analysis of
Liquid Rocket Systems and Vehicles

+  Delivered by Aerojet in the Early 1980's (1981-1984) Under
Sponsorship by the Air Force Rocket Propulsion Laboratory

(Now Phillips Laboratory)
- Over $1.2 Million Spent by the Air Force in Its Development
- Available Through the Air Porce

e ELES Has Been Well Distributed and Accepted Within the Propulsion
Community for Preliminary Liquid Propulsion System Design Analysis

e ELES Draws on Past Experience and Knowledge From Aerojet and Others

- Encompasses Aerojet Vast Engineering Base and Expertise in Liquid Propulsion
~ In-housc Experience Indluded in the Mode!

- Has Legacy 1o Experts Active in the Community

Selonce Appligatinns
% iaferestiond) Corperatien
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669 NTP: Systems Modeling



EXPANDED LIQUID ENGINE SIMULATION (ELES)
COMPUTER MODEL (Cont.)
- Background -

ELES Model Uses Mcchanistic as Well as Empirical Models of
Components/Subsystems

The Model Is Well Structured, User Friendly, Easily Modified, and
Documented

A High Degree of Verification has Been Done on the ELES Code

ELES Is a Comprehensive Industry Type,
Standard Code Available to Perform
Preliminary Steady-State Liquid Propulsion
Design Analysis

- A key Starting Point in Initial NTP Engine
System Development

gt — 3e) Appligation
= 4 —-- infesnstiondl o'vpu:mn —
'@y A5 Enpivres-Cunet Comprny

ELES VERIFICATION EXAMPLES

CENTAUR D1-T STAGE

» N-I DELTA (DELTA 2ND STAGE)
+ TRANSTAR {TITAN JRD STAGE)
» CENTAURAL-10 DT-1 STAGE

+ SPACE SINTTLE MAIN FNGINE

CENTAUR/AL-10 D1-T VERIFICATION SUMMARY
CALC
1.209
903
804
954

952
284

448

% I’fo”::ﬁo"”?:l"'o”nn N
» An Eaplopas-Ounad Longony
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NESS PRCGRAM DEVELOPMENT EVOLUTION

¥'Y 1989 90

INTTIAL SAIC
NTP-ELES DEVELOPMENT

FY 1991

NESS-VERSION 1.0
FNARLER | FNGINE
SYSTEM

FY 1992

ypu| NESS-VERSION 2.0
Extensive Anchot/Verification of the 1. ENABLER Il ENGINE

Program Performed For Bach SYSTEM
Development Phase

BETA Versions of NESS - Versions 182
Are Successfully in Operation At NASA Lewis

FY 1993

NESS PUBLIC RELEASE
THROUGH COSMIC

- PC and Vax Vertions

F . 0
' 49 Eaplepae Owsad Crmpany

" PAST NTP ELES ANALYSIS CODE MODIFICATIONS
AND VERIFICATIONS

SAMPLE QUTPUT

§ - ELES-NTP Version Developed and | ESRReRme
j Verilled T L
- Moadifications Performed — "o oy T— s
- Incorporation of H and CO Property i
Tms = byt L 1T
- Monopropeiiant Turbopump-led
System Modifications
~ Reaclor Weight and Dimension
Correlations Added
~ Oft-Design Engine Operation
Capability . :
- Verification Conducted 1 |

-- Rockeldyne Performance and
Weight Data NERVAD
- wmm@ V. ala \outatt ) to ovsee
— Compared with NASA 90-Day Study : A )
Input
- Much Developed Under SAIC in-House
Fund Sponsorship

1333414

2.2 «a8832

flnn ligations
srnstio erporsiion
An Empioyes-Oveed Company
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GENERAL NTP ENGINE SYSTEM FEATURES
MODELED BY NESS

Incorporates a Near-Term Solid-Core NERVA/
NERVA-Derivative Reactor Designs
- Westinghouse ENABLER &0 N'TT Reactor Designs

— Strong Westinghouse R-1 Resctor Design  Legacy

Incorporates State-of-the-Art Propulsion System
Technologies and Design Practices

REPRESENTATIVE NTP EXPANDER, GAS GENERATOR, AND
BLEED ENGINE SYSTEM CYCLES MODELED BY NESS

S¢lenc 2tions
Infunl 'gcrnmfu -
gy A0 Faplores-Ouass Comgesy
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NESS PROGRAM OVERVIEW
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TOP-LEVEL KEY NESS FLAGS AND INPUT VARIABLES
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ENABLER (NERVA TYPE) NUCLEAR o
ROCKET ENGINE
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LEMENTS AND SUPPORTS
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Selence Applications
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Fue! Element Composition Graphlite Composite Carbide
Temperalure Range (*K) 2200-2500 2500-2900 2900-3300

Fusel Coated Paricle uc.ziC ' (UZnc
Solid Solution and Carbon Solid Sclution

Coating ZC C

Untueled Support Element Graphite 2rC-Graphite Composite
Composition

Untueled Element Coaling y4,o zc

Sglence Applications
= Internatie orporstion »
@) As Eaplerse.Ovasd Comprey

6752 NTP: Systems Modeling



REACTOR PARAMETERS AS A FUNCTION OF
THRUST LEVEL

Theust ()

Rsactor Power Range 275-400 480-870 920-6700
Fuel and Support Element Length (inch) as 35 ' 82
Pressure Vessst Langth (inch) 8268 B4 101.6
Fusl Element Power (MW) 0.629 0.808 1.20
Relstive Fusl Element Power Density 0.778 1.0 1.0

Ratio of Fust Elements {N) 18 Support
Elements

A iy,
As Fuployes. Gened Coupony

23

INTERNAL SHIELD SIZING

Sized to Meet Radiation Leakage Requirements Established for the NERVA Program

Radiation Leakage Limits at a Plane 63 inches Forward of the Core Center

Radistion Leskage Limits Within Pressure
Type of Radiation Vessel Outside Radius

Gamma Carbon KERMA Rate 1.8 x 107 Rad(cMv
Fast Neutron Flux 2.0 x 1012 nem2-sec

intermadiate Neutron Flux 3.0 x 1012 nvem2-sac,
0.4V En< 1.0 MeV

Thermal Neutron Flux 8.0 x 1011 nicm2-sec
En<040v

+ Materials and Thickness

= For Thrust Level 2 50,000 ibl
-- 12.8 inches of Boraled Aluminum Thanium Hydrid (BATH)
-- 1.3 Inches Lead

- For Thiust Levels < 50,000 Ibf, BATH and Lead Thickness Slightly Reduced Due to Lower
Core Power Density

intovasieddl Lorporatien
'@ As Fepioper. Guasd Compuny
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LAYOUT DRAWING OF THE R—l REACTOR

- ;i
mm orperstion pemy
b As Employes. Dunad Canpony

25 '

REACT OR THERMAL MODEL

HEAT GENERATION
Core ~1,500 MW
Tie Tubes 3-7%
Rellector 1-2%
Cenlral Shield ~0.2%

Ext. Shleld ~0.03%

hl igat
#’ fornstiondl ‘J:r‘:’:llu
Iy An Empleree-Deasd Conpray

COMPONENT BLOCK DIAGRAM

¥
[}l _es Jas’_l':nswes

< SUPPORTS

CHAMBER
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REACTOR WEIGHT MODEL
+ Based On R-1 Engine Design
« 53 Nesctor Reglons liemized

« Masses Adusied With Changes In Core Size
MODELED REGIONS IN THE R-1 REACTOR

REACTOR WEIGHT MOOEL REGIONS (EXAMPLE)

REGION husRR
1%

—1
-

tence Appligsitons
l:f.’nm’ﬂ orporsiien
An Euplorss.Ouned Compoay

NON-N‘l.JCLEJ»\-R AUXILIARY COMPONENT WEIGHTS

+ Updated Weight Comelations Incorporated for the Following
Auxiliary Components:

- Instrumentation

- Pneumatic Supply System

- Reactor Cooldown Assembly
- Thrust Structure

+ Bassd on Pasi Work by TRW (1965) Which Developed Detailed
Weight Correlations for Such Components Based on Evolving
NERVA Designs

- Updaled 1o Take into Account Advances in Technology and
Design Practices

aco Appiigstions
m lzfo"n‘lhm orporaiien
g Aa Implopes.-Buasd Company
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HOITYP = @ Do Sucsion Notse - -
Pugun Pout o8
———  Ava fomm B0
S
!
: == '
- STATE-OF-THE-ART NOZZLE DESIGN S U :
OPTIONS AVAILABLE — e !
- Regeneralive Cooled Siotled-Tube
Construclion, Radialion Cooled Extension T <8 S b e

e ot
- Initigiized With Up-to-Dale Malerials W
|

- Capable of Analyzing Nonconventional ! !
Nozzle Designs | !
'

- Translating and/or Gimbaling Nozzles o -
Possble

" B¢leacs Appligations
% (Ristnsitond) Corperation
s An Employsa-Ounsd Conpray

AXIAL TURBOPUMP DESIGN MODULE DEVELOPED
AND INTEGRATED INTO NESS VERSION 2.0

LY R B
AXIAL TURBOPUMP - } DESIGN LOGIC

lm—u- waln pump RPM bused ca nmJ
sucaion specific apeed, volemuets fawven.

[nu—u—-umn—nuul
el pronp.

Design Corrclations Draw on Past Axlal Tarbopump lﬁ“ﬁm =ty ot ]

Declsions and T'ent

[ ot harecpows = male pusp ¢ induoss. ]

NASA SP-8125, April 1978

1
[ ‘
Axis! Trubopump Weight Modd Anchored on: weghing facr.
- Recent Rocketdyne Design Studies i
- Past Cermet NTP System Design Study Cuicsions weights snd lengle: ol pusnp Soight
AT

==ngl 1] l
V= s L —
' A Emplagun-Owned Company
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MA]OR NESS ENGINE SYSTEM ENGINEERING
DESCRIPTION AREAS

System Pressure, Tempetature and Mass Flow Schedule
Turbopump Design and Operation

Nozzle Peformance Losses

Regenitatively Cooled Nozzle Design

Reactor Subsystem Design and Operation

({1 ligaiions
: ﬁﬁf-hﬁ- a‘l‘ﬂgrnumn ————
.Y An Enploges-Ouned Compony
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New:  In Addicion 1o Normal Flight Design/Operating Canditions Presented Pump Our Operating and Launch Weight Pasameters are Given.
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Case No./

Parameter 1 2 3 4 s L
Cycle Type Expander Expasier Blood ¢ Expander Bleed Om Exponder

Genersior Cenerator
Threst Leved (IAN) 73,000/ 75 000/ 15,000/ 73,000/ 73,000/ 35,000/ 230,000/ 75,000/
333,600 333,600 333,600 333,600 333,600 155,700 1,112,000 333,600

Reactor Typs ENABLER | | ENABLER It | ENABLER It | ENABLER 11 | ENABLER {1 | ENABLER 1 | ENABLER 1| ENABLER |
Reactor Fued Type Composies | Composise | Composite | Composite Carbide Composite | Composiee | Composie
Chembes Preasare 1,000/ 500/ 500/ 500/ 1,000/ 500/ S0/ 1,000/
(peiyXPw) 6893 334 3,48 k& ) 6995 3348 3348 6895
Chambes Tempeenture 4860/ 4,360/ 4,360/ 4,860/ 5,580/ 4.0/ 4,960/ 4,360/
[y 70 5] 2,700 2,700 2,200 2,00 3,100 2,700 2,700 2,700
Noxxlo Ares Ratio S00:1 200:1 200:1 200:1 500:1 200:1 200:1 500:1
No. of Propeliant Food 2 2 2
Lep
Turbopump Type C Centtilugal | C
Reactor Fuel Scallng 1.00 067
Fackr

£ mmwe> Scleace Applications
% u!u‘.?nm‘-m erporation SEENTENE
® An Enplepas Dwand Crapasy
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NESS VERSIO ENT

Well Organized Worksheet to Initialize Your Design Are Provided

Uses Improved Name List Input File
- Each Input Variable is Defined

Operates on VMS/VAX System
- Over 30,000 Lines of Code

Personal Computer Compatible Version is Available
- Requirements
- 486-33 MHz Computer
- 6 MB RAM
- 80 MB Hard Drive
- Leheay Fortran with Extended Memory Required

)

NTP: Systems Modeling
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NESS PROGRAM USER'S GUIDE
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I

CYCLE PARAMETER COMPARISON*
- 75,000 Ibf, ENABLER I, Expander Cycle -

Parameter Rocketdyne BMCN.’I.:I‘ES SAIC NESS

Total Fowrste (kgh) 167 369 nn
Pump Discharge Pres, (psia) 1,544 1,533 22983
Tabine Flowrate, % Pump 0 0 0
Turbine Inict Temp. *K) 5556 5553 6223
Turbine Inict Pres. (psia) 1412 14168 1.965.0
Turbine Pressure Ratio 125 1.295 179
Reactor Inlet Pres, {psla) 1,130 1,2554 1,328
Reackr Power, (MW) 1645 - 1587
Reacior Core Flowrase (kg/s) 36.7 369 362
Nozzle Chasnber Temp (°K) 2,700 2700 2,700
Nozzie Chambes Pres. (peia) 1,000 1,000 1,000
Noezle Exit Diameser (m) 415 4.1% 4.2
Nozzle Expansion Ratio 500 500 500
Specific Impulse- Vac (sec) 923 9228 9129
Purnp Speed (rpm) 37,500 4913 40,583

* Rockeidyne wses thelr Mark 25 type axial rbopump (4 siages): SAIC ELES-NTP uwsed s
single-stage centrifugal pump; SAIC NESS, Sample Case No. 8, uses  5-stage axial pump.

— Science A'r,l stions
== Internsilondl Cerpersifon
@® A Laptoyve. Owasd Camprry

ENGINE SUBSYSTEM WEIGHT COMPARISON*
- 75,000 Ibf, ENABLER I, Expander Cycle -

SAIC
Parameter Recketdyne ELRS-NTP SAIC NESS

Specific lmpulee - Vac (sec) 923 mse 9129
Reacwor (kg) b¥ .+ 1] 5823 478)
Iniernal Shicid (kg) —_ 1,523 1,108
N@% 440 421 538
Turbogunp Asseesbly (kg) 304 104 0}
Noanacieer Support Hardwase (kg) [T T 1493
- Linea, Valoes, Achmlors, Instrumen-
tation Theest Siructure
* Rocketdyns waes thols Mark 25 type axial wrbopomp (4 siages); $SAIC ELES-NTP weed &
single-siage centrifugal pumy; SAIC NESS, Sampls Case No. 1, usca & S-stage axisl pump.

F e Sclence A”u a2tlons
e Internationd! Corpsration w
'® An Emplapss-Owned Compray
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EFFECT OF WALL TEMPERATURE ON PERFORMANCE*

Wall Temperature Barrler Fuel Film Cooling
(°R) Temperature (*R) fsp (Sec.) Fraction

1460 1830 912.9 0.03
1800 2106 815.9 0.03
2000 2429 917.5 0.02
2400 2892 919.4 0.02
2800 3418 921.2 0.02
3000 3651 921.9 0.02
3200 3864 922.4 0.02

* Core Temparaiure = 4860°R (2700°k)

F Belence Apglication
. % lnfmmn’ﬂ n‘rnu'uon ———
® An Empleyse-Ounsd Campony

DESIGN CASE COMPARISION OBSERVATIONS

NESS Design Exhibits 1% Lower Peformance Than Other Designs
- NESS Model More Accurately Predicts Nozzle Cooling Losses-Upstream Film
Cooling Required to Meet Maximum Wall Temperature Requirements

Integrated Reactor/Engine System Design Effects Accounted for in the NESS Design
- Sized to Take Into Account Heat Captured by the Coolant Before It Enters
the Reactor
- Corresponds to Some Difference in Cycle Pressures, Temperatures, and
Turbopump Operating Parameters

Other Weight Differences From Improvements in NESS Weight Correlations
- 3-Section Nozzle Design

- Non-Nudear Auxiliary Components

- Update H, Properties

tonge Applicati
m Blarasholh Coiporation
» A Faplepee Ouast Compray
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NCLUDING REMARKS

The NESS Preliminary (ENABLER I&II) Design Analysis Program Characterizes a
Complete Near-Term Solid-Core NTP Engine gystem in Terms of Performance,

Weight, Size, and Key Operating Parameters for the Overall System and Its
Associated Subsystem

- Incorporates Numerous State-of-the-Ast Engine System Technology Design Options
and Design Functions Unique to NTP Systems
- Extensively Verfied and Documented

The NESS Program is Deemed Accurate to Support Future Preliminary Engine
and Vehicle System Design and Mission Analysis Studies
NESS Has Been Successfully Operated and Checked Out at NASA Lewis

Future Recommendations:
- Incorporate Other NTP Reactor Types
-- Panticle Bed
- Dellet Bed
- Low Pressure
-- Wise Core
-- In situ Propellant Based Reactor Designs
Incorporate a Radiative Heating Model
Update the Material Library
Upgrade the NESS Performance Prediction Module

NESS Devicopment s One of Many Key First Steps ired to Su NTP Development
1t Is Envisioned that NESS Will Be One Key El;?em an Admaml’ Engine >
System Design Workstation

8¢l Appligati
BT Sttt =
An Fppleges Ounsd Coapaay




